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ABSTRACT: Suzuki cross coupling reaction is one of the most famous reaction in the field of chemistry. It is a very effective
method for making carbon — carbon bonds. It has been extensively utilized in the synthesis of many carbon molecules including the
most complex ones. It also find application in the synthesis of compounds of biological sources like (+)-dynemicin, Adragmacidin F,
Flurbiprofen, Felbinac, Fenbufen, Difunisal, Aporphinoids, Oximidine 11, Nemertelline, Gymnocin A, Palytoxin, Michellamine, CP-
263,114, Halenaquinone, Brevetoxin, Yuehchukene, caparratriene etc which have been synthesized using the same reaction along with
some other organic compounds. The present review article emphasis on carbon-carbon bond formation via cross coupling reaction,

mechanism and applications in a natural product synthesis. © 2011 IGJPS. All rights reserved.
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INTRODUCTION

In recent times Suzuki- miyaura reaction which is more commonly known as “Suzuki coupling reaction” is one of the most useful
cross-coupling reactions between aryl or vinyl boronic acid with aryl or vinyl halides and and also with different reagents like alkenes,
alkynes, amines, pseudohalides, metallorganic compounds etc. catalyzed by palladium (0) complexes. P 1t is widely used in
the production of olefins (including poly olefins also), styrenes and substituted biphenyls are among some common examples.
Generally an alternative of boronic acid which is organotrifloroborate salts are in common use.

Palladium-catalyzed Suzuki cross coupling reactions are amongst the most powerful and most applicable method for C—C
bond formation P11 The reaction is generally carried out at temperatures range of 60-80°C with generally excellent yield results.
Despite the availability of other cross coupling reaction like heck reaction, stille reaction to name a few, but due to various conditions
like:

1) Milder reaction conditions.

2) Commercial availability of the diverse boronic acids derivatives that are environmentally safer than the other organometallic
reagents.

3) The handling and removal of boron-containing byproducts is easy as compared to other organometallic reagents, especially in case

of large-scale synthesis of a product.
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So we can say that Suzuki cross coupling reaction has an edge over the other cross coupling reactions as this reaction is not only

restricted to simple compounds but is frequently used in the production of complex compounds also.

Oroom - 0=
R

2eq k,C0,an.
3 mal-% Pd{PPh,),
benzene , A [

An example of suzuki reaction

Role of Transition metals in organic chemistry

In the late 20th century when extensive work on development of newer way of producing organic compounds was gaining interest
among chemists, transition metals became the first choice of the chemists in organic chemistry synthesis which led to the development
of a large number of transition metal-catalyzed reactions for the same. Transition metals can activate various organic compounds and
through this activation they can catalyze the formation of new bonds. Palladium was the first known transition metal which was used
in organic synthesis which can induce the formation of carbon- carbon bond on the account that ethylene was oxidized to
acetaldehyde by air in a palladium-catalyzed reaction and this became the industrially important Wacker process. Subsequent

research on palladium-catalyzed carbonylation led to newer reactions for the formation of carbon-carbon bonds.

Palladium-catalyzed carbon-carbon bond formation via cross coupling

The principle mechanism of palladium-catalyzed cross couplings is that two molecules are adsorbed on the metal via the formation of
metal-carbon bonds( an example of Heterogenous catalysis) . In this way the carbon atoms bound to palladium are brought very close
to one another. In the next step they couple to one another and this leads to the formation of a new carbon-carbon single bond. There
are two types of cross-coupling reactions according to this principle that have become important in organic synthesis. These two types

of reactions are as follows:

,/A-Qb{ W
RX P Pd (0) R

electrophilic partner nucleophilic partner

v

RX + R'M _ MO, RR”
electrophilic partner  nucleophilic partner
Both reactions are catalyzed by zerovalent palladium and both reactions employ an organohalide RX (or analogous
compound) as the electrophilic coupling partner. However, the nucleophilic coupling partner differs in the two reactions. In the first
type of reaction it is an olefin whereas in the second type of reaction it is an organometallic compound R’’M. A common feature of
the two types of cross couplings is that the organic groups from the reagents are assembled on palladium. Furthermore, both reactions
begin by generating an organopalladium complex RPdX from the reaction of the organic halide with Pd(0). The organopalladium
species RPdX will subsequently react with the nucleophilic coupling partner (see detailed mechanisms below). The reactions are very
mild since they utilize organic halides (or analogous compounds) and olefins or organometallic compounds R’’M of low reactivity,

where M is typically zinc, boron, or tin.
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Mechanism of the Suzuki Coupling

The basic and most simple mechanism for Suzuki reaction can be studied using palladium as a catalyst. The first step of which is the
oxidative addition of palladium to the alkyl halide (designated as 2 in the mechanism) to form an organopalladium species(3),
addition of a base to the Reaction gives intermediate(4) via transmetalation ™ | with the boron-ate complex (6) forms an
organopalladium species (8). The desired product (9) is then obtained by reductive elimination and the catalyst (palladium) is

restored. This type of mechanism is a type of Heterogenous catalysis.

R—R;
9 Pd’ sz
1
L)
R,—Pd'—X
R,—Pd"—-R;
8 3
Y
Bu'0-B-0'Bu NaO'Bu
Y :
, Ne’ R,—Pd"—0'Bu
4
Y ! NaX
Y NaO'Bu |~
R—B, —= R-l—Eli—D Bu
Y Y _
5 B MNa

Application of Suzuki cross coupling reaction in natural product synthesis

1) The first ever application of suzuki cross-coupling reaction in natural products synthesis was reported in the year 1981 by Rossi and
his coworkers in which an insect pheromone isolated from Diparopsis castanea has been synthesized @V

[ IUPAC NAME (E)-9,11-dodecadien-1-yl acetate ]

.-"f-- .
+ THP

(8]

[PA(PPh,)4] (1 mol%)
NaOH, THF/H.O, 50 °C;
then Ac-OfAcOH. BD °C

0

o T OJJ\

Synthesis of insect pheromone 121 using suzuki cross coupling reaction
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2) (+)-dynemicin A a potent natural antitumor agent has been successfully synthesized in lab. With a high yield using Suzuki cross

coupling reaction.®?

Structure of (+)-dynemicin A

3) Suzuki reaction has been successfully used for preparing the antiviral bromoindole alkaloid dragmacidin F which is naturally
synthesized in a marine sponge of the genus Halicortex. In vitro studies of dragmacidin F has proved antiviral activity against HSV-1
and HIV 1 virus.

TBSO

Pd(OAE);, DMSO o
R .

p +-BuOH, AcOH
W | 60°C, 10h
o NT (7#%% yield)

oxidative
carbocyclization

{+)-Dragmacidin F

4) Synthesis of various NSAIDs

4.1) Flurbiprofen is a commercially available nonsteroidal antiinflammatory and analgesic Drug™® which is used extensively to treat

the inflammation and pain of arthritis“® has been successfully synthesized using Suzuki cross coupling reaction by using palladium

charcoal in water.®®

0 0
/\O 0/\ F
/N\
F ethyl methylmalonate HOAc, H2S04, H20, reflux o*" ™a
» —’
»
M F
SES
N H,/Pt
o ™o 2
ol
o OH
OH
F
-
Ph4 BNa, Na2 CO3, 0.05 mol% 5% Pd/C,H20, reflux in air for 1 h A,
— d
-
T
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4.2) Felbinac (also known as biphenylylacetic acid) is a topical medicine, belonging to the family of NSAIDs which is used to treat

muscle inflammation and arthritis™” has been also successfully synthesized using cross coupling reaction,

oH

o

T

Structure of Felbinac.

4.3) Fenbufen a NSAID which is extensively used in the treatment of inflammation in astroarthritis, ankylosing spondylitis and
tendinitis, which is also used to relieve backaches, sprains, and fractures®® has also been synthesized using Suzuki cross coupling

reaction.

<=
|

S

Structure of fenbufen

4.4) Difunisal a NSAID which has proven chemical analogs of aspirin®® has also been synthesized using Suzuki cross coupling

reaction.

HO

il ]
I

Structure of Difunisal

5) Aporphinoids form an important group of plant secondary metabolites which has been isolated from more than 500 different plant
families. It is used in traditional medicine for the treatment of various diseases™, from benign syndromes to more severe illnesses.

Aporphinoids also show display potent cytotoxic activities which may be exploited for the design of anticancer agents. Some
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Aporphinoids has also been reported to have antiplatelet and vasorelaxing activity. Suzuki cross coupling reaction able us to prepare

such important natural compounds in the lab.

Structure of 4,5- Dioxo Aporphines (suau et al.)
6) Oximidine 11
The oximidines are among a family of natural products known as benzolactone enamides. Almost all the compounds in this class of
compounds exhibit strong biological potency. Oximidines in particular show antitumor activity and are selective towards mammalian

vacuolar type ATP-ases®?. This compound has also been synthesized suing Suzuki cross coupling reaction.

Structure of oximidine

7) Nemertelline (a neurotoxic tetra-pyridine compound) which is naturally found in the marinehoplonemertide worm Amphiporus
angulatus®” is used as an anti fouling agent Interest in potential application of this compound as an antifouling agent for boats and
other marine installations this is due to this reason that this compound is synthesized for commercial production using Suzuki cross

coupling reaction..®?

Structure of Nemertelline
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8) Gymnocin A

Gymnocin A is present and has been sucessfully isloated from red tide dinoflagellate, Karenia mikimotoi which Contains 14
contiguous rings with two repeating 6/6/7/6/6 systems. gymnocin A contains largest number of rings of polyethers known to date and

latest studiestells about the in vitro cytotoxicity against P388 cancer cells®?.

9) Palytoxin is one of the most toxic non-peptide substances known.. Palytoxin is a natural compound that is produced by several

marine species and can be found in many more species due to accumulation. Originally it was isolated from a seaweed-like coral

commonly known as “seaweed of death from hana” .

B
Structure of palytoxin

10) Michellamine (an atropisomeric alkaloid)obtained from leaves of Ancistrocladus korupensis®®® has been found to be a strong anti-
HIV viral replication inhibitor. Out of 3 michellamines known (Michellamine A, B, and C) , Michellamine B is the most active
against the NID-DZ strain of HIV-2¢, Its lab. synthesis using Suzuki cross coupling reaction has been possible by the collaborative

work of Dawson and co-workers®” which is given as follows
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o o

B
Ho™ oM

cat. [Pd(PPhs)s], Ba{OH),
DME/H,0, 85 °C
(82%, 144/145 1:1.4)

o o

1) cat. [Pd(PPha)sl. K3POy
DMF, 90 °C
(T6%)
2) HCO;H, MeOH, PdiC
(98%)

oH

Synthesis of Michellamine

11) CP-263,114 a compound which is known for inhibiting squalene synthase inhibitor and Ras farnesylation enzymes®® has also

been synthesized using Suzuki cross coupling reaction.

CP-263,114
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12) Halenaquinone, a chemical compound that inhibits the secondary DNA binding of RAD51 (gene which is known to play an

important role on tumor formation) has been synthesized by Shibasaki and co-workers using a number of palladium catalysed

94
0]
0
H3CI,'.
99

o

Halenaquinone

reactions.

13) Brevetoxin is a compound produced naturally by a species of dinoflagellate known as karenia brevis are neurotoxins that binds

to voltage gated sodium channel in nerve cells, leading to disruption of normal neurological processes®¢?,

Structure of Brevetoxin

14) Yuehchukene isolated from the roots of Murraya paniculata and others of the Murraya species possesses anti-fertility and

estrogenic activities. Has been successfully synthesized by Ishikura and co-workers using Suzuki cross coupling reaction.®9@2G3
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Structure of Yuehchukene

15) The Suzuki coupling has been used for the synthesis of caparratriene using derivatives of cirronellal. Caparratriene so obtained

was checked for its pharmacological activity and the compound was found to be highly active against leukemia.®*

0

H
1
1
—_— 1
t i

| {(m) Catecholborane 1 Pd(PPh.), 5 mol%
PN SN NaQFt. benzene, reflux

citronellal capparatriene

() CBr,. PRy, Zn N B{OR), /K\/ /k/%/K/
(m) Buli, 2 1 equiv Br
|

These mentioned molecules are only a few very recent examples. The Suzuki cross coupling has, since its discovery, been used for a

large group of different natural products®?.

RECENT DEVELOPMENTS

1) A highly stereoselective approach for cross coupling reaction between 1,1-diboryl-1-alkenes with electrophiles to form 1,1,2-

triaryl-1-alkenes as given by shimizu et al.®®

5 mol-% Pd,(dha),

Ar Biin 0.2 eg. P{Bu, Al Biin
o S Fen. KOH (30 ag.) i
; 2. an. .
R Bpn THF,rt, 5h A

2) A successful attempt has been made to make alkyl- alkyl Suzuki cross couples of inactivated secondary alkyl halides at very mild

conditions (the reaction also gets to completion even under room temperature)®®

1.8 eq. B mal-% MIiCL, = glyme ligand:
8 mal-% ligand Me M
R_}{ + B-BBNW_,-“H , - Ruﬂ,\ , 20
R" 12 eq KOtBU, 2 eq. /BUOH R
¥ Br, | dicxane, rt., 24 h ROR:alkyl  MeM
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3) Under similar conditions stereoconvergent amine directed alkyl alkyl Suzuki reactions of unactivated secondary alkyl chlorides has

been synthesized under similar conditions as mentioned above.®”

10 mak % MiBr, = diglyme , ligand:

- 1.8 eq.
M“‘N /\]/R + f“\eifﬂ" 12 rol-% ligand NKN R A A
- |
R Cl J-BEN 12 er. KOty R Y HN-—%NHM
2 eq. hexanol © 5
iPr, 0 rt, 40 h B R R alkyl A 1 -raphithyl

4) To synthesize high order alkane compounds, boronic acids (derivatives of boric acid in which 1 of the -OH group has been
replaced by an aryl, vinyl or alkyl group) has been successfully cross coupled with alkyl bromides. The main feature of this reaction is

that not only the percentage yield is high but also it requires very mild conditions for the synthesis.®®

8 mol-% Pd{0AL),

1.8 enq.
0.1 eqg. PiBW.Me or [HP(tBU.Me]BF .
R8T+ HOLE-R' R S
. B Jen. KOHBU
R aryl, iyl alkyl t-armyl alcohal rt, 24k

5) To prepare alkyl derivatives of aryl compounds, Suzuki cross coupling reaction has been used in which aryl halides has been cross

coupled with alkylboronic acid using tetraphosphine or palladium as a catalyst.®

Fh.F
2 eq. 0.1 mal-% thpwm:h:

A—Br + HOLET R - AR
- 0.05 maol-% [PAiC;HICI),, 2 eq. K,CO,
R: alkyl, benzyl wylenes, 130°C, 20 h

6) In this reaction primary alkyltrifloroborates has been successfully cross coupled with aryl chlorides (reaction known as Suzuki-

miyaura cross coupling reaction)“”

2 mok-% Pd(0AC), RuPhos:
4 maol-% RuPhos, 3 eq. KLCO fRro
RTTBFK + Cl—Ar - R
toluene S H, O (10:1) OiFr
R: alkyl 80°C,24 - 36 h O Py

7) For obtaining phosphine free catalyst for Suzuki cross coupling reaction a new lead derivative which is pd(N,N-Dimethyl beta-

alaninate), has been been synthesized and used as a catalyst.“”

O
. i
0.01 maol-% catalyst catalyst: o b
1= eq 2 eq. KPO, >_ “pd Y
Ar—¥. + (HO)B-Ar - Ar—Ar Ny x@_{
) EtOH FH,O (1:1) I o
= Br, | S0°C, 1 h (2 eq. M Acdimethyl- f-alaning,

1eq. KLPdCl, H0, rt., 10 min)
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8) For joining two aryl groups with each other (as in fittig reaction), Suzuki cross coupling reaction has been used using

guanidine/Pd(OAc), as a catalyst which not only gives better results but also can be performed under mild conditions.“?

0.0001 - 2 mal- % catalyst catalyst preparation;  NR
3 eq. K00, A
Ar—d + [HO)LB-Ar = e Ay iy TEQ PO0AC), 2ed. N7 TN
Bl Cl ) H,0/ EtOH (3:2) CHLL, rt, 3h b
-en g rt.oor30°C,1-48h alR:Bu bR secBu

9) A concept of using a precursor for a catalyst in a reaction is relatively new as in majority of cases a catalyst is used directly. In this
reaction a precursor ( a cyclobutene-1,2-Bis(imidazolium) salt ) of palladium is used in catalyzing Suzuki — Miyaura reaction which

requires no special temperature or pressure conditions for carrying out the reaction.“®

1.2eq. 1 mak% Pd{OAc), preligand: Me hN\:‘ErJr i
1 maok % preligand ] s
A=+ (HO)B-Ar - Ar—py 2BF,
1.7 eq. MaOtBu _ J Sl
#“Br 1, Cl toluene, r.t., 25 - 150 min ME"N\:'_‘__;I .

10) A catalyst which is extremely active has been discovered which can be used for the Suzuki-Miryaura Coupling Reactions of aryl

chlorides.“”
0.1 mok % catalyst catalyst:
13 eq. 2 eq. K,CO, e
Ar—Ccl + HOLB-Ar — == Ar—Ar M. .M
EtOH / H,0 (1:1) e Y ne
50°C,3- 12 h :
11) An example of enhancing efficiency in the palladium-catalyzed Suzuki-Miyaura Coupling Reaction is shown by a

Triarylphosphine Ligand which is bearing a Dodeca (ethylene glycol)chains.“®

M
2eq, 0.5 mak % PACL{PhCR), ligand: \EO ’_\_}0

1 mal-% ligand 12
A—Cl + (HO}B—Ar "1 - a—Ar wmed? o
2eq K0, iz o '
3

THF, 60°C, 20 h o ﬁg

12) A new family of Tunable indolylphosphine Ligands has shown application in Suzuki-Miyauara Coupling of aryl chlorides“®

[} H .
15 eq. 0.01 - 0.1 mal-% P@(Oﬁc}l: ligand: \
0.03 - 0.3 mal-% ligand Py,
Ar—Cl + [(HOLE —Ar - Ar—Ar M
B 3 eq. K,PO, = H,O .
THF, 100°C, 24 h iPrz b
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13) Selective Suzuki- Miyaura Monocoupling between 9-alkyl-9-BBN and 1,1-dichloro-1-alkenes yields a good amount of Z-
chlorinated internal alkenes using bisphosphine ligands having large P-Pd-P bite angle. Further the transformation of these

monochlorinated olefins can be done by introducing stereospecifically trisubstituted olefins.“”

2.5 ok % Pdy{dba), 2 R’
R/“\xl/m 12 eq. & mal-% ¥antPhos Hf\]/\/
+
Cl

. 2 Cl
5T 3eq (PO, +KF) or (CSF +C5,C05) . 548 h),
THF,reﬂux,5-1EDh Ellkj,l'l |:11|:|_ 160 h:l

14) Non-ioninc amphiphiles can be used to facilitate Suzuki- Miyaura Couplings at room temperature.“®

2 malk-% catalyst: FTE . o o
1 &en catalyst PR ?—(?;
= 3 eq. NEL, N e 8Dz R S Rante
Ar—Br + (HOLE —-Ar =  Ar—Ar' Fe Fl'dt:I:
FTS/H,0 Q PEtBIL). R PEG-B00
(2 wet-%a) * R
rt., 0256-24h

15) PEPPSI-iPr can be used as a catalyst in the solvent-free microwave-assisted Suzuki- Miyaura Coupling.“?

1 maol-% catalyst

3 1. KECOQ
Ar—B(OH), + X-—Ar - Ar—Ar Cl-Pdl
heat M
= Eir, |, Cl I".,f'l".,u“.,u"l 1|:||:|°C, 10 min I:F'EF'F'SHPF:I O
o
Cl

16) Catalyst like (N-Heterocyclic carbene)Pd(allyl)CI complexes can be used in Cross —Coupling and Dehalogenation Reactions.®”

1 mol-% (= Br) or =1
2 mok% ik Ch) ' =
1.2 eq. T o
(IPAPdiallyliCl e
Ar—x +  [HOLB-Ar = A=Ay o
- 3 eq. MaltBu
“Cl Br dioxane, B0°C 3 h

17) Cross-Coupling of sterically hindered Aryl Chlorides can be made possible by using N-Heterocyclic Carbene Ligand having

flexible steric bulk at room temperature.®”

0 catalyst prepared from:
1.1 eq. 3 mol-% catalyst

31 maol-% 0 o
2eq. CsF H 196,25 mol %% KH
Ar—Cl + HOLBE-—Ar -~ Ap—Ar (:}] 067 mal-% KO ey
HO, THF, rt., 24 h 6Nv ‘b THF, rt.

293 mol-% P diOAc),

aTf
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18) Ferrocenyl monophosphine ligands can be used in Suzuki- Miyaura Coupling of Aryl Chlorides.®?

. R
15 ag. Dgzm'jﬁflqm’?h ligand:
£ Mo EN
Ar—Cl + (HO)B —Ar i N VI = O
3eq. kPO, Fe POy
. . D OM e
dioxane, 35°C, 24 h o e

19) pd(OACc)2/TBAB/PEG-400 system has emer%;ed as a reusable and efficient system for the Suzuki- Miyaura Cross —Couplings
reactions that are done in ligand-free conditions.®®

0.01 - 3 maol-% Pd{OAC),
0.1 ey, TBAB, 2 en. KGO,
Ar—x + (HOIB-Ar - = Ar—Ar
- FEG-400
o2l Br 110°%C, 4-24h

20) Use of catalyst like phosphine-free Palladium acetate in Suzuki- Miyaura reaction in water.®"

15en 1 mok-% Pd{0AL),

2eq MNa, GOy
Ar—x  + HOLB-Ar — = Ar—Ar
- H.O TPEG 2000 (6:7; whw
oA a0°C, 10 - B0 min

21)R,PN=P('BUNCH,CH,);N is a new bulky electron rich phosphine which is used for the efficient Pd-assisted Suzuki-Miryaura

Cross Coupling Reactions.®®

1-2 mok-% Pd{0Ad), ligand: "~y R
2 -4 moal-% ligand R 1
A—X + (HO)B—Ar e - Ar—Ar NP R

i
2eq CeC0, ) ;
= Br, Cl toluene, B0*C  8-18 h R-tBu K—N:,Z?,

22) Molecule Biphenylene-substituted Ruthenocenylphosphine used for the Suzuki-Miryaura Cross Coupling of Aryl Chlorides.®®

1.5 eq

0.1- 1 mat% Pd(dbal,

0.3-3 mok%R-Phos
Ar—Cl 4+ [HOLB-Ar -
- Jeq. kPO, =H.O
dioxane, 100°C 0.2 -2 h

1.5eq

23)Bulky Phenanthryl N-Heterocyclic Carbene ligand used in Paladium catalyzed Suzuki-Miryaura Cross Coupling with aryl

chlorides.®”
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2 maol-% Pd{0AC) 2 ligand:
1.2 eq. 4 mol-% ligand
15 eq. KF _
R-Cl + HOLEB-R' = HE-R' R Ar vinyl,
- 15 2. 18-c-6, THF hEﬂZ'_',"l OO
tt.ors0°C,3-48 h R A '.,.'in}.'|

24) Based on a simple Merrifield Resin supported Phenanthroline Palladuim(Il) complex recyclable catalysts for Suzuki-Miryaura

Cross Coupling Reactions at ambient temperature has been discovered.®®

catalyst:

':'_< >_\'~.
05 mok % catalyst M

A—X + (HOLB-Ar - Ar—Ar Q

2 eq. KO,
=1, Br BtOH, rt., 4 h

@ loading: 0.22mmol fg

25) Highly efficient and reusable catalyst Pd-EDTA which is held in an lonic Liquid brush can be used in Suzuki-Miryaura reactions

in water®
catalyst catalyst gy N
105 eq. (1 mol-% Pd) o N@N PUEDT A2
Ar—w + [(HO)LE-Ph = Ar—Ph Rl & A TSP
- 2 eq. NEI:C03 4 L___,r' f-a
A Bl H.O, 100°C,5- 20 h OH (2 wit-% P d)

26) Catalyst loading reduced to 0.2mol% for the coupling of non activated tosylates by using family of Indolyl phosphine ligands to
Suzuki-Miryaura Cross Coupling of aryl tosylates with boric acids, trifluoroborates salts and boronate esters.®”

0.2- 2 mol-% Pd{0AC), ligand;  “¥aF

08 -8 mol-% ligand
Ar—CTs + (HO)BE-A Ar—Ar
Jeq. K,P0, = H,0

FBUDH, 110°C 2-45h

2eq.

CONCLUSION

Suzuki cross coupling reaction is a method for carbon—carbon bond formation which is a highly useful and versatile method needed

for the development of modern drug discovery and in the synthesis of many natural products, polymers and other organic compounds .
Although the method has found many applications in synthesizing many different molecules, there is still much work to do on the
development towards an efficient catalyst applicable for structurally different substrates. There is a need to develop more effective
catalyst for the reaction so as to enhance the efficacy and efficiency of the reaction. Also there is an urge to focus on the application of
the reaction towards the chemistry of natural products so that the natural products which are pharmacologically important and whose

occurrence is limited can be synthesized using this reaction.
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